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ifa'om'lntT^oH '""^ is related to improved nOcleic acid reagents comprising arrays of nucleic acid 
fragments and combinations of such fraqments The nrprVarati^o ^..^w < nucreic acid 

DNA technicues and their use in hybridS'tfon Jthods Tlfs^^^ '"^"^"'^ ''^ recombinant 

I ne improved nucleic acid reagents comorise two serip<: nn^> Iok*»i^^ rx- ^ 

belonging to different series ^urnot bVtl^moSgous to each o?he7.""'- '^^^""^"'^ 
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.-proved nuCeic acid reagents and methods for their preparation 



10 



5 The invention relates to improved nurlpi^ a^:^ 

fragments and to combinatk,rof "uch mp'ovS'^eTol'trr^H ""^ ""-""^y °^ ""^'^'^ «cid 
methods for the preparation of nucleic acTd reaSnTs com^ ^^ 'nvention also relates to 
combinations of such nucleic acid reagISs bv^rerLK-^?^^?^ ^" ^''^Y °^ c'°"es. and 

rt'htd^ ''^^'^ 

nucleic acidrSomJ ex"arpt°l%' dTr^cT Svtidf/?- '^-tification and study of 
containing the nucleic acid to be identSs ei^h.r" methods, in which the sample 
biol.. 1980, 12. 226-234 and the Sr i ish P.tPnt p'lr (^rautigam et al.. J.CIin.Micro- 

solid carrier (US-Patent Nos 4 1 39 4 lis 2of ^'-.^'^^o ^,°c ^'^^ °^ to a 

15 Patent Publications Nos. 2,034 323 2 095 fl-vi ?k ' ^358.535. 4,395,486. the British 
62.286. 62.237 and 61.740). and is deteLd hO - ^"^°P«f" ^^^^^t Publications Nos 
hybridizes with the nucleic acid to be idenS ^ '"""'"^ ""'^'^'^ ^«=g«nt which 

20 eT^^^^"-^-" ~ -".^r'^ '^Vbridi.ation method 

SiS o-irtcTeir;^^^^^^^ 

are needed to detect the nucleic acU or«eni in thT ^'^^ ^fP^^^'e nucleic acid reagents 
affixed to a solid carrier and the other is Tabeiei """" ' * '^^^^ ^««9«"»^ 

25 0^^^^:^^^!"^:^^^ ^-em' T'^^ ^'^"^^ ^^'^^ '^''eled. are 
nucleic acid to be identified, i.e. horSSbgous ThiTudS ""'^'^ complementary, to the 
nucleic acids as such or as fragments of ?hem ThP fS. f reagents used are either natural 
using restriction enzymes. Nucleic acid reaorntJh! ^'^T^?^^ produced, for example, by 
recombinant-DNA techniques Sural p «m1dl /M<; p^''° ^If ^^^^^^^^ synthetically or by 

30 bacteriophages (US-Pate^nt No. ^543^357 r^osLa? RNA^«° h'''^^^'"^^' acidrfrom 
No. 4.302.204). or nucleic acid from different viruses Ut^.i ^"^/"«««"9e^ RNA (US-Patent 
Virol. 104. 1983) have been used as the nucleic acTd rS'"!^"^ ^V^'- ^^rr. Top.Microbiol. 
been used for identifying, for examole Dart^hri^ reagents. The whole virus genome has 

35 '"^k"' ' '^''"^ ^'^"^ < and seS cl,'' °i'T3' 3°6 fq'^-iTri"' 7^""^ messenger 
35 also been prepared by using recombinan onia /^^.^-aS. 1977). Nucleic acid reagents have 

^'359.535. the European PaS AppS^^^^^ (US Patents Nos 4.395.186 alld 

2 034.323 and the European Patent Application No el 2lm ^"""^ ?!f*^"' Publication No. 
by recombmant-DNA techniques have been used eiSieMn .^.^h '^"c'^'cacid reagents produced 
DNA fragment has been purified out from the DNA of hT ^''^l' ^ ""^^ replicated defined 

40 molecules linked to different vectors The previou^.v, . ^ °'' " recombinant-DNA 

o^^^^^^n^^ comprising at least two series 

45 homologous to the nucleic acid to be iSi"ied ®^ °' segments 

-y^^p^"::^^^^:^^ -c'f c acid fragments are in sandwich 

using the nucleic acid reagents according 'o Se ^nventrror thl"'' ""'If '" ""''^ 

SO r^j^^dS^^^^^^ p=rand\t;re^rp:s^^^ iir. 

Hyb?idi?;tn sii;:^tv^%"b:s :n'ih^:?a:rrhaTfh"'"^ 

quantity of labeled hybrids on the solid ca ripr TsI «^ "se of several probes incre ases the 
55 n^A^ wrt h eCify hybfeing probe (F gs l and 2) n ^P^^'^^^^^'^^^^cl^^Ld 
55 DNA. X the nucleic acid to be identified b thelaSlIn ^"u ^ ^^P^e^ents vector-derived 

reagent affixed to the solid carried, and > tie fi !er Wh'l'°^' ^ '^entifying nucleic acid 
of labeled, vector-derived nucleic acid parts inc laser^ rnT^'^ "^^'^^ '^^^ ^"^"tity 

Wh Jr.T^'^- '^^^^'^'^ ^^^^'^ mo'^reaSy detectable " '° 

eO fZSi^rS^^^^^^^ are used in sandwich 

STi\- Sfei°^; 

for example a,, a,, and a,, at one or severaroo^nt! ^ ^;.a9ments affixed to the solid carrier 
he reaction reaches its final s^age a sltuafioraccordrn^'?.'' °? ^^^'^^ ^^^ction. When 
»>^e sample strand forms a loop gr'loopir:;;,:^;^-^;:^ ^l^^.-^ ^ P-^!^-^ whi ch 
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Fig, 1, hybridize. At this time the distance of the vector-derived nucleic acid parts from the 
hybridization joining point (1) d creases (Fig. 1), and the hybrid is more stable than the hybrid 
formed by one reagent pair (prior art) shown in Fig. 2, this hybrid being of the same size as the 
total area of the array of nucleic acid fragments. The vector-derived parts of a hybrid formed V 
5 from one reagent pair are easily broken by, for example, mechanical strain, such as shaking. In i. 5 
such a case the label already bound to the hybrid escapes. 

Since the improved nucleic acid reagents according to the invention are more sensitive than 
previously used nucleic acid reagents, the y are suitable for demons trating chromosomal 
rearrangements and hereditary diseases. ' ' " 

10 Our invention relates to nucleic'acid reagents comprising an array of nucleic acid fragments. 10 
their combinations, their preparation, and their use for the detection of nucleic acids in 
hybridization methods. 

The characteristics of the invention are shown in the distinguishing features of the claims, and 
the invention is described in greater detail in the following description and in the acompanying 
1 5 drawings, in which -j 5 

Figure 1 shows an array of sandwich hybrids. 
Figure 2 depicts a sandwich hybrid of the prior art. 

Figure 3 shows the sites of two alternating series of nucleic acid fragments in a nucleic acid 
which has been selected for the preparation of an array of nucleic acid reagents according to the 
20 invention, 20 
Figure 4 shows the corresponding sites of three alternating series of arrays of nucleic acid 
fragments. 

Figure 5 shows an array of nucleic acid fragments according to Fig. 3 separate (a), joined 
together (b) and both separate and joined together (c), 
25 Figure 6 shows an array of sandwich hybrids, 25 

Figure 6a shows an array of sandwich hybrids which is formed when separate fragments are 
used. 

Figure 6b shows an array of sandwich hybrid which is formed when joined b-fragments are 
used. J 
30 Figure 6c shows an array of sandwich hybrids which is formed when bothseparate and joined 30 
b-fragments are used. 

Figure 7 shows an array of nucleic acid reagents which identify different nucleic acids. 
Figure 8 shows an array of sandwich hybrids which are formed when the array of nucleic acid 
reagents according to Fig. 7, identifying different nucleic acids, are used. 
35 Figure 9 shows an array of hybrids formed by a direct hybridization method, 35 
Figure 10 shows the recombinant plasmid pKTHI 220, 

Figure 1 1 shows an array of sandwich hybrids which is formed when an array of nucleic acid 
fragments prepared from the recombinant plasmid pKTH1220 are used. 

Figure 72 shows the recombinant plasmid pKTH1271, 
40 Figure 13 shows an array of sandwich hybrids which is formed when arrays of nucleic acid 40 
fragments prepared from the recombinant plasmid pKTH1271 are used. 

Our invention relates to nucleic acid reagents composed of an array of nucleic acid fragments. 
These arrays of nucleic acid reagents comprise at least two. but preferably several, alternating 
nucleic acid fragments, up to 20 fragments, which are derived from one or several nucleic acids 
45 sufficiently homologous to the nucleic acid which is to be identified. Thereby there are obtained 45 
at least two series of alternating arrays of nucleic acid fragments, which must not be 
homologous to one another. 

The arrays of nucleic acid reagents can be prepared synthetically. In this case the fragments 
from the two alternating series of arrays of nucleic acid fragments, must not be homologous to 
50 each other. But they must be sufficiently homologous to alternating sites in the nucleic acids to 50 
be identified. These fragments can easily be prepared by fully automatic machines after 
characterization of the nucleic acid sequence of the nucleic acid to be identified. 

fThe nucleic acid reagents according to the invention are composed of separate, or joined, or 
both separate and joined array of nucleic acid fragments. 
55 The arrays of nucleic acid fragments may be joined to a vector, contain parts of vectors, or be 5 5 
totally devoid of vector pans. 

The nucleic acid fragments used have a minimum length of 1 5 nucleotides. There is no actual 
upper limit for length, but it Is advantageous to use fragments having a length of 20-5000 
nucleotides. The nucleic acid fragments according to the invention are derived either from the 
60 genome to be identified or from one part of the genome, for example from a relatively large 60 
I clone representing a certain part of the genome. The arrays of nucleic acid fragments according 
1 to the invention can thus be prepared from several independent genome areas which are not 
I directly adjacent. The arrays of nucleic acid fragments thus prepared are combined and used for 
I the same reagent. The arrays of nucleic acid fragments can also be isolated from a DNA which 
65 is not identical to the nucleic acid to be identified but sufficiently homologous, so that a stable 6 5 
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nucleic acid fragments from the aenom^^ Thl^ '"^^"•f '.!?^"®*' *° isolation of suitable 
prepare such ar?ays o? fVagml^s^The ^ai s^^^ ""'"^ """^"^ '"^^'^o^^ ««> 

5 fragments by synthetic or seSynthetic methods ' "^^P"^^ ^"^''^ «id 

fraIm%nts'r'V'V'^c''ind'h''K" ^'"^ '"^^ °^ alternating nucleic acid 

bSgTng to ihe ser'i'es a ' a a ".^c" " fragments 
adjacenJi oi^e another The'nJcl^ JraXnt^ 'o but not 

10 also composed of nucleic acid fragLnts s tua^^^^^^ ^" 

nucleic acid fragments belonging t^the se es a a a «nH ,h ^^"k" '° "^^^^ 

b b h «>tr« ^..o* u u ^ , etc. and those belong ng to the serip^ 

belon'gin'g to thTSies a a a" etf an^th''^' k'"?'^" P^^'^^^*^'^ thi nu'cl^ic acids 
isolated in such a wTy th^t eve,^ seconS fraomtnt'tl'i^'^^ ? 
1 5 the b-series. as show^ !n Fi^S^ln Rg 3 a' a a and" h h'^s ""'^ ^ ^"^"'^ •° 

fragments sufficiently homologous to ?he nucleic acid ^o t^'^n^^r.^H T^^'f^ ""'^"''^ ^^''^ 

another directly, but^thfs i'J ^o^^SS^^enruisiU^^^^^^^^ ^^'^ ^^^^ one 

-iO The nucleic acid fragnnent series described above can be u<iPrf **ith*»r o«« * * 

Fig. 6 depicts various arrays of sandwich hvhrJHc pi^ * 

comb S<;o .h», ! A A (;a?'"«"»s which identify different nucleic acids can also be 

45 n°uSera'cidVrgrenTfa%t4T^(^°a - ^^^T^' -'".P-^ Z'l °' 

arrayVornVclSraci,"^^^ '^^^ a'-'a^- 

Sic lew frJom^n,i 1^ K K ^ "^^"'"^ ""'^'^''^ ^^'^ y; a„. a,, and a are arrays of 

Cart Jofned Irr^T. ^ o ' .^.^"^'^ .^r"^^ ""'^'^''^ ^^'^ ^ '"^ « vector-derived nucleic acid 

50 « suii n^^ures °' "^^^ ^ fragments. 

in Fio T^ir<;im.!h»or«^^ •M^"';'^^ according to Fig. 8 are obtained by using the reagents shown 
cou ?e nrl^~^l~^^^ nucieic a dds is desired, it is. of 

55 solid c^r?iLS^ "^"^^ identif^ng the nucleic acid y. and Fig. 8c a 

nudeic Lc^ t2]^L,^ 'fr "r'^"" ^'^.'-'^ '"'9^- ^a. 8b and 8c. b.. and b,. are arrays of 
ZtvL^Tn1J2T.T, ^ ^"^"^ *° 1.'°''^ "^"^^ identifying the nucleic acid x; b., and b,. are 
r a^nd b »1 V^""?"'" ^'-'L'f^ *° ^ '^^"'^^ identifying the nucleic acid y: and 

nucleic acid . «nH? ?J),h ^''^ fragments affixed to a solid carrier and identifying the 

60 resoelti!^ In^ ' ^ . , ^'^''^^ '° ^e identified. F.. F, and F, arl the 

Sfalof.^ '^'^ 'V^' ''^ a probe which identified all the three nucleic acids 

simultaneously, if separate solid carriers are used 

orJn»r»^^^"''^^*'"^®'' "".^mL'^ w ^^^S'^e"* series, reagents and reagent combinations can be 
S ff^r^nf 1^ recooibmant-DNA techniques known perse A number of nucleic acid fragments of 
65 fdI^l?,ZjTV generated, by using restriction enzymes, from the nucleic acid to be 

5> Identified or from a part representing ,t. If the restriction map of the genome to be identified is 
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known, it is possible to select frdm the genome the suitable adjacent fragments, generated by 
using restriction enzymes, and the fragments are isolated and amplified by using recombinant '7 
DNA techniques. 

When an unknown genome is involved, an intermediate stage can be used in the preparation ~ 

5 of the reagents, in such a way that a relatively large restriction fragment is cloned, this fragment 5 
is mapped, and the arrays of nucleic acid fragments series a,, aj, 83, etc., and b,, bj. bj etc., are 
produced on the basis of the information thus obtained. 

It is. of course, possible to use combinations of the above methods and to use several large 
separate cloned restriction fragments as starting material, and to prepare several separate series. 

10 which are combined to form suitable combinations. 10 
It is advantageous to prepare the nucleic acid fragment series a,, a^. a,. etc.« and b,. bj, bs, 
etc., according to the invention by using recombinant-DNA techniques in such a way that the 
series a is cloned into one vector, for example into the plasmid pBR322, and whereas the series 
b is cloned into another suitable vector, which does not have sequences in common with the 

1 5 previous vector. The bacteriophase Ml 3 is an example of such a second advantageous vector. 1 5 
The fragments belonging to the series a can be joined to one another, and the joined series can 
be cloned into one vector. For example, ai-aj, joined together, can be cloned as a continuous 
insert into the same pBR322 vector. In a corresponding manner it is possible to prepare a 
reagent series b,— bj. In the cloning it is preferred to use vectors to which very large inserts of 

20 foreign DNA can be joined. For example, lambdaphage and cosmid vectors are suitable for this 20 
purpose. 

Thus, two reagent pairs comprising arrays of nucleic acid fragments are needed in the 
sandwich hybridization method according to the invention, a reagent labeled with the label 
substance to be identified, i.e. a probe, and a so-called filter reagent affixed to a solid carrier, 

25 Most commonly, radioactive isotopes are used for labeling the probes. For example in the 25 
British Patent Publication No. 2.034.323, the US-Patents Nos 4,358,535 and 4.302.204 the 
following isotopes are used: ^^P, '"I. ^'M and 'H. In the European Patent Publication No. 
79,139, the isotope '^^1 is used. Nucleic acid probes have also been modified in different ways 
and labeled with, e.g. fluorescent labels (French Patent Publication No. 2,518,755). Also 

30 enzymatic or enzymatically measureable labels are used (the British Patent Publication No. 30 
2,019,408, the European Patent Publication No. 63,879 and the French Patent Publication No. 
2,519,005). The European Patent Publications Nos 70,685 and 70,687 describe a light- 
emitting label and labeling method, and the French Patent Publication No. 2,518,755 describes 
an immunologically measurable label. The lanthanide chelates described in US-Patent No. 

35 4.374,120. especially europium, can be used as label substances. Also the biotin-avidin label 35 
substance described by Leary et al, (PNAS 80, 4045-4049. 1983) is suitable as a label. A few 
examples of labels which can be used for the labeling of nucleic acid reagents according to the 
invention are mentioned above, but it is evident that there will be developed new. improved 
label substances which are also suitable for the labeling of arrays of nucleic acid fragments 

40 according to the invention. 40 
The carriers suitable for filler reagents include various nitrocellulose filters (US-Patent No. 
4.358,535 and the British Patent Publication No. 2,095,833). The DDR-Patent Publication No. 
148,955 describes a method of binding nucleic acids chemically to the carrier (paper). 
US-Patents Nos 4,359.535 and 4,302.204 describe chemically modified papers which can be 

45 used as solid carriers. Other alternatives include nylon membranes and modified nitrocellulose 4 5 
filters. But it is evident that there will be developed new materials which will be even more 
suitable for use as solid carriers according to the invention. It is. of course, possible to use also 
other solid carriers, such as various chromatography matrices such as triazine- or epoxy-activated 
cellulose, latex, etc. In principle, there are no other limitations to the selection of the solid carrier 
50 than those to be described below. It has to be possible to affix nucleic acid in a single-stranded 50 
form to the solid carrier so that these single-stranded nucleic acids can hybridize with the 
complementary nucleic acid. The solid carrier must also be easy to remove from the 
hybridization solution, or the hybridization solution must be easy to remove from the solid 
carrier. Also, the probe must not adhere to the carrier material itself so that it cannot be washed 



The above-described combinations of the arrays of nucleic acid reagent pairs A and B, or B 
and A, labeled and affixed to a solid carrier respectively, and from such nucleic acid pairs made 
for the identification of different nucleic acids it is possible to assemble a combination A, and B,, 
Ay and 8^. A, and B,. 

60 These combinations can be used for the simultaneous identification of the nucleic acids, x, y 60 
and z by sandwich hybridization methods. 

.The sample is treated in such a way that the nucleic acids are released into the hybridization 
solution, and they are rendered single-stranded. The hybridization is carried out in a hybridiza- 
tion solution, to which both the nucleic acid reagents affixed to a solid carrier and the labeled 

65 ones are added. When hybridization has taken place, the filters are lifted from the hybridization 65 



55 off. 
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solution, if filters have been used as soliHVarr;<»rc if 

have been used, the hybridiza^on solut o^^^^^^^ '-tex. or the like 

suitable washing solution. The anavs ot s^nV^-^h l. M' ""^e^ a 

by methods known oer se. i^. :^:::^;::'r::'^Z'T^"°' '°J"}''' ("^'SS. 8a. 8b. 8c) are detected 
5 by a scintillation counter or by a gamma-coun^^^^^^ ^"""P'^' ^\ autoradiography, 

after, for example, a color reaction Trphotome nfo Z A ■ ^^^Y'^at'? 'abel is identified 
chelates can be detected by a so called 'S™^r. ^ ?. ^^'^ °* ^ precipitate. Lanthanide 
label is detected by immun^o.^gTcaTmelhor^Jhrblrft' t^T^^^^^^^^^ ^" o'ogical 

of 65-C. Sufficient hybridization may occur in a ve^ Ihort • .^^^mple. a temperature 

hybridization periods of, for example! r2-20 hours ^ ' ' " " ^^^^ntageous to use 

D,, tj b,, etc., can. of course, be used in riirpnt hxrKr:^:^-v* f _t , ' and 

nucleic acid sample in a solution must bS diSd for n ""^-l' ^ 

identified or. if the sample is affixed o a so S car/irr a sep^ara e samole a^ffr H V° ■ 

be prepared for each sample. The formed arrav of hvhriHw^. of • ^ f ^° ^ '""s* 

known per se. In Fiqs 9 F reDresentrfhl cofin ^Y^'"^^ C^'S- 9) 's detected by methods 

25 identified, and v the'tec'^or-Sved parts ""^'^ ^^'^ '° 

and b, (Fig. 9b). and a,, b,. a,, b,; a, (Fig 9c) ^ "'^ ^" ^"^ <'^'9- ^^J' 

from tt^:?r^aytorlfudeS rcfd "ii^^^s::!^;:^ s!:;!^ f ^ t?-- -^^e up 

these combinations to identify several different m^H '» Possible by using 

30 acid fragments homologous to "r^^ffe Im n^^^^^^^ t"'^' °' """'^''^ 

separate fragments in the mixtures or joined toae Lr n . .° ^V*^^"''''^^,"" "^^^ « 
identifying several different nucleic acids is obtained NucUic 

water, such'^s enterfbalteri'a^d ente?o^^^^^^^ 'dent.f.cat.on of contaminants present in 

Since the sandwich hybridization test u<5inn arra«e ^* «. *i • ^ 
40 method,-itirrp~pliSiIire to; for ix^S tJ^dSlrTvH^ ^ quantitative 

This characteristic is sigr7ifi"cani in 7or evamAU- r^^^^ °' 9^"« arrtplificatron. 

formation of a stable 3^370' hybrids rSe^that the h? '"^ treatmem of cancer.-rhi-- 
reagent and the filter reaoent lonltf^ -!^ ® homologous sequences of the probe 

distance fJom each otherirthelaS^ '^^^ ^ "^''^^ase (kb). 

45 these two areas do occur, the chaTg'e ?s dea^' obL^^^^^^^ bj JhSSod 'tI ^'l*-",''^*— 
IS also suitable for the detection of chanoed mRNA ^ this method. Therefore the method 

rearrangement of immunoglobulin genes Lrexo^e«!«n^^^ 

possible to construct varioOs reaaent comhir,!.:«o?r ' ^^ereditary diseases. It is thus 
For example, for the ider^SoH the caCsS °\ h"'"" ^^^gments. 

using karate f i-t^To^ "gonSl^ ^ '^'"^ Possible by 

nJ.';y::::;r^^^^T2?^^^^^^^^^^ fragr^iems comprising the recombi- 

55 the plasmid vecto pBR 322 DN A 17 r?./J™ w ^«<=°"^binant plasmid pKTH1220 comprises, in 

60 the culture collection Deutsche Samml..o« .^1^ iT . P'^'"'271 have been deposited at 

D-3400 Gottingen West German^ Griesebachstrasse 8. 

plasmid PKTHI226 .^0SM2825 anJ,L n r '^^"'aining the recombinant 

plasmid ?KTh!27? i" SMsil'l.ThVS^pors'wi.rL^^^r ^ 
application has been made public. ^ available once the patent 

65 The invention is described in greater detail in the followinn e,Pmni»c ry.. 
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not, however, be understood as limiting the protective scope of the invention. The structure of 
the nucleic acid (DNA and RNA) is similar whether the question is of a nucleic acid derived from 
a eucaryotic or a procaryotic cell. For this reason the principles presented in the examples are 
equally well applicable to the nucleic acids of animals (man included), plants and microbes or 
5 viruses. Thus the reagents according to the invention can be used to detect the nucleic acids of 
man, animals, plants, microbes and viruses. The arrays of nucleic acid fragments can be 
prepared synthetically, too. The sequence of nucleic acids to be identified can be characterized 
and homologous arrays of fragments prepared by automatic nucleic acid preparation machines. 

1 0 Example 1 

(a) Arrays of nucleic acid reagents from Chlamydia trachomatis and their preparation 
DNA fragments suitable for the diagnostics of the Chlamydia trachomatis group were prepared 
from the DNA of Chlamydia trachomatis serotype L2. The DNA was isolated and fragmented by 
known methods, and the resulting DNA fragments were cloned into the plasmid PBR322 and 

15 transferred to the host organism Escherichia coli K^2 HB101, by known methods. A gene bank 
of the Chlamydia trachomatis L2 bacterium was obtained as a result of the cloning, i.e. a large 
number of recombinant plasmids, each having a separate BamHI restriction fragment of DNA 
derived from chlamydiae. For reagent production, recombinant plasmids containing maximally 
large DNA inserts derived from chlamydial DNA were selected from the gene bank. One such 

20 plasmid is the one designed pKTH1220, which has been deposited at the culture collection 

Deutsche Sammlung von Microorganismen under the number (DSM 2825) and the suitability of 
which for use as a reagent was demonstrated by a direct hybridization test. The test showed that 
pKTH1220 identified all of the nucleic acids derived from different Chlamydia trachomatis 
serotypes, but no other nucleic acids. 

25 The applicable fragments, obtainable by using different restriction enzymes, were selected 
from the pKTHI 220-plasmid DNA, and some of these fragments were transferred by further 
cloning into pAT153 plasmid (Maniatis et al.. Molecular Cloning. A Laboratory Manual, Cold 
String Harbor Laboratory, p. 6, 1982) and some to Ml 3 phage. Fig. 10 shows the recombinant 
plasmid pKTH1220, having a molecular length of 14 kb. In Fig. 10, BamHI, Sail and Clal 

30 represent the restriction enzymes used, and a,, a^, b,, b^ and bj illustrate the size and mutual 
locations of the fragments produced with the aid of these restriction enzymes. The fragments 
belonging to the series b as labeled probes. Table 1 lists the sizes of the fragments and the 
vectors used for further cloning, the names of the recombinant plasmids, and their use. 

35 Table 7. 



Recombinant 

Fragment Size Vector plasmid Use 



40 


a, 


Clal-Sall 


3.0kb 


pAT153 


PKTH1252 


Filter 




32 


Sall-Clal 


2.9kb 


PAT153 


pKTH1250 


Filter 




b, 


Sall-BamHI 


0.7kb 


M13mp8 


mKTH1242 


Labeled probe 




b2 


BamHI-Sall 


1.4kb 


Ml 3mp8 


mKTH1239 


Labeled probe 




b3 


Clal-CIal 


1.7kb 


Ml 3mp8 


mKTH1248 


Labeled probe 


45 


b1-b2 


BamHI-BamHI 


2.1kb 


M13mpB 


mKTH1245 


Labeled probe 



The fragments listed in Table 1 were isolated from an agarose gel by electroelution and were 
cloned into the appropriate restriction enzyme identification sites of the vectors listed in Table 1 , 

50 by using known methods. 

The fragment BamHI-BamHI 2.1kb was produced as follows: the fragments BamHI-Sall 
1.4kb and Sall-BamHI 0-7kb of the plasmid pKTH1220 were separated by gel electrophoresis 
in agarose gel, from which they vyere isolated. The purified fragments were joined to each other 
with the aid of T4 ligase enzyme, and of the 2.1kb DNA fragments produced in the reaction, 

55 those which had free ends which were identified by the BamHI enzyme were further joined to 
the BamHI restriction site of the double-stranded form of the M13mp8 phage DNA, Thus there 
was made a recombinant phage-DNA (mKTH1245) which contains Chlamydia trachomatis DNA 
comprising two separate DNA fragments which are not located adjacently in the genome. 
However, in the genome they are located adjacent to the DNA reagents pKTH1250 and 

60 pKTH1252 to be affixed to the filter (Fig. 11). Fig. 1 1 shows an array of sandwich hybrids 
which is formed when the recombinant plasmids and recombinant phages listed in Table 1 are 
used as arrays of nucleic acid reagents. 



(b) Demonstration of the sensitivity of an array of nucleic acid reagents from Chlamydia 
65 trachomatis by using the sandwich hybridization method 



no *> 



.-> ■ o o •*> 



20 



25 



30 
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The sensitivity of an array of nucleic ar- iH ro^^^o,..^ 
reagent pair was studied by the sar^dwich hvSS.n """T^f w'^iu""'"^ ^ "'"9'« continuous 
filters which all contained fo" molecu es of'^both p»Sh?^'50°?. .^''"J^'I^u" ""'^^ "^'"9 
rendered single-stranded The samole tn h» «? P'^'^^fSO (a^) and pKTH1252 (a,) ON A 

5 test was rend'ered slngle:stTand?dX boi "ngtr^'trn'f; St^^l'^^' 5!>^the 

transferred to O'C and neutralized with an eouimolTr = ^ ^ ^ NaOH. whereafter it was 
probes labeled with '«J. listed in T^ble T werL T^^^'^f^ °^ ^'^^"^ "^^^ following 
-KT-Hl^QCb,). n,KTH1248(b3) aif m^HT245(b ' iV'^ -X^HI 242(b,). 

The hybridization was performed at + RtiT *«r t. • ^ . 

10 the following composition: 4 X SSC 0 02% Fico I l^oT ^^'yb"di^ation solution having 
and 200/19/ml herring sperm DNA The fHtP?™? ^ Pojyvmyl pyrrolidone. 0.2% SOS 
solution, having the foSosSing composm^n: 0 X "J?' 0 2% SDS ^ "^^'^-^ 

gamma-counter. The results are shown in Table 2 ania'r ^the^^m^ean^ of iT'rXrests"'"' ^ 

15 Table 2, 



Hybridized radioactivity. 
Specimen with (b) as the probe ' 

molecules/test b, b b 



Cb^-b^) (b^-b2).b 




10' 
108 



37 


37 


33 


49 


39 


48 


44 


48 J 


93 


68 


226 


236 


232 


396 


416 


1475 


1415 


1456 


2912 


2637 



52 



140 
686 
3580 




35 b. 



40 ^""^2 

^1-^2 
(b^-b2),b3 



380, 000 cpm/test 
340,000 cpm/test 
350,000 cpm/test; 
310,000 cpm/test; 
700,000 cpm/test: 
700,000 cpm/test; 



5x10 cpm/pgDNA 

4 X 107 cpm/pgDNA 

5 X 10 cpm/pgDNA 
7 X 10 cpra/pgDNA 



10 



15 



20 



25 



30 



35 



40 



45 



Statistically calculated, the 95% confidenro limit .u 
( = negative controls) was regarded as theTow-^'-^' ' - P''^^^'"^^ « '^^"^P'e 

cpm when the probe was b, b, or b? 58 com whZ^ /k P^^/''^''^- ^hese values were 52-54 
probe was b.-b,. and 65 cpm whenVe pX warbl-brb, " ^'^"^ 

(cl^^Chlamy^^^^ ,y hybnc/Oar/on w/r/, a.a.s of nudeic ac/c/ frag- | 

ce^c"LTere'fe"cte2'^^^^^^^^^^ tTsT CmT^ZVT r^'""""^ '''^^ ^^^^ -"ering from ' 
55 urethral specimens and the\' m^^e spe^rnttir^^^^ been isolated from the'm^fe 

ing number of similar patient specirnens from Ihl^h ?erv.x. In addition, a correspond- 

studied. The specimen? to be eSTned were taken wSh !^^^^^ T ""^^ ^^^^ 

immersed in a chlamydia sample-takina buffer tor.^,.— cotton-tipped swabs which were 

tra.ed by using 2.buli,ool to r.move LuirUom ,htm V;'"!"''' 

about eonl. their concontratio,, lo. the"Lstino thuJT. 1 ° that th« final volume was 
65 EOTA, 0.7% SDS. 200 ug/m, ptotain'.'rre'nSrr,? ^SSei t?n;ntIr.^-"»'7° 



45 



50 



55 



60 



c: 



8 



an 6 fl o 

<i i> O 'J O ' • 

^ -.^ 0 A e - ^ ' ^ 
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treated for 1 5 min at 55*C and for 45 min at 37X. Thereafter the specimen was boiled for 5 
min in 0.175 M NaOH. The boiled specimen was transferred to O'C and neutralized with an 
equimolar amount of acetic acid and tested. The filters and hybridization conditions described in 
Example lb were used in the test. The probe used was mKTH1245 (bj-bj), 300,000 cpm/400 
5 ftl hybridization reaction. The results are shown in Table 3. 

Table 3. 



10 



15 



20 



25 



Specimen 



Man 1 
Man 2 
Man 3 
Man 4 
Man 5 
Man 6 



Woman 1 
Woman 2 
30 Woman 3 
Woman 4 
Woman 5 
Woman 6 



35 



Hybridized 
radioactivity 



Result of 
chlamydia culture 



Buffer, X 



151 

164 

154 

61 

76 

55 

343 

509 

362 

57 

58 

81 

30-55 



+ 
+ 
+ 



+ 
+ 
+ 



10 



15 



20 



25 



30 



35 



40 Chi, trachomatis 
L2 bacterium, 10 



419 



40 



45 The limit for positivity in the tests was 104 cpm. 45 
The result in Table 3 shows that sandwich hybridization using an array of nucleic acid 
fragments is suitable for diagnosis venereal diseases. The samples which were negative in the 
culture tests were negative also in the sandwich hybridization test. 

50 Example 2. 50 
(a) An array of nucleic acid reagents from Cytome qajovirus^ and their preparation 

DNA fragments suitable for the diagnostics of Cytomegalovirus were prepared from Cytomega- 
lovirus (AD 169, ATCC VR-538)~(CMV). DNA was isolated and fragmented by known methods, 
EcoRI fragment I of about 9 kb, defined in Spector et al.. J. Virol. 42, 558-582, 1982, was 

55 isolated from agarose gel by electroelution after the EcoRI restriction fragments had been 55 
separated on the basis of their size. The eluted DNA was extracted with phenol, whereafter it 
was precipitated with ethanol. The DNA thus purified was joined by means of T4-ligase to the 
pBR325 plasmid vector opened by using the EcoRI enzyme, and the produced recombinant- 
DNA were transferred to E.coli K12 HBlOl host bacteria. From among ampicillin and tetracyclin 

60 resistent but chloramphenicol sensitive clones there was selected one which contained a 60 
cytomegalovirus-specific DNA insert of the correct size. The character of the cloned cytomegalo- 
virus DNA was ascertained by the Southern blot method. This test ensured that the described 9 
kb EcoRI-DNA fragment was derived from the DNA of Cytomegalovirus and, more specifically, 
was included in Its Hindill-D fragment (Oram et al., J. Gen. Virol., 59, 111-1 29, 1 982). The 

65 recombinant plasmid thus described was designated pKTH 1271, and it was deposited at the 65 



* 
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5 PKTH1271 having a mSiecuZVenX s^^^^ shows the hybrid plasmid 

in Fig. 12 were prepared by using ?Je ?es1r^ct^L .n," «;^ay ""cleic acid fragments shown 

shows the fragment? obtarne^byVsing tSe S^^^^^ ^J"' ^'S- 12 

location. Table 4 lists the sizes of thTfran-^I^tl ' «".^Vmes as well as their relative size and 

cloning, the names of the thS oL a^inei fe^Smbinant^nS'^ l'""^"'' ^'^^ ^"^^'^^ 

10 reagents or as labeled probes Fiq 3 showt^n «?rJ P'f""!?' .^"'l ^''e"- "se either as filter 

when the array of nuciSc add ^agl^^s'SS^ffi: 4""' red.''"'"' 



Tab/e 4. 



15 




Restriction 






EcoRI-PstI 




32 


Clal-BamHI 




bi 


Pstl-PstI 


20 


b2 


Pstl-Clal 






BamHO-EcoRI 



fragment Vector 



Designation use 



(3.3kb) 
(3.0kb) 
(0;6kb) 
(1.0kb) 
(I.Okb) 



pBR322 

pBR322 

M13mp7 

M13mp8 

M13mp8 



PKTH1273 

PKTF1274 

mKTH1277 

mKTH1278 

mKTH1279 



Filter 
Filter 

Labeled probe 
Labeled probe 
Labeled probe 



35 Table 5. 
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20 



25 



30 



35 



40 



45 



50 



Specimen 
molecules /teBt 



10 

4x10^ 
1.6x10 



Hybridized radioactivity. 


with 


(b) 


as the 


probe 




^1 




^3 




^l'^2'^3 


35 


33 


38 


45 


53 


38 


44 


46 { 


95 


125 


85 


135 


142 . 


205 


292 


203 


254 


265 


415 


645 



40 



45 



50 



55 bl 
b2 
b3 

bl,b2 
bl,b2,b3 



60 



310,000 cpm/test 
320.000 cpm/test 
300,000 cpm/test 
300.000 cpm of each/test 
300,000 cpm of each/test 



55 



60 



65. In the test of value of the lower limit for nosir 
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15 



or b^, 59 cpm when the probe w^s b,, b^, and 63 cpm when the probe was b,. bj. b 

The results in Table 5 show that sandwich hybridization in which an individual probe reaqent 
in used (b„ b^ or b^) detects in each case 4 X 10® CMV — DNA molecules. On the other hand 
hybridization with a reagent of b„ bj or b,, bj, bj detects as few as 10« molecules of 
5 CMV-DNA. The results show that the array of nucleic acid reagents are four times as sensitive 
as individual nucleic acid reagents. 

(c) CMV diagnostics by using sandwich hybridization with an array of nucleic acid reagents 
Clinical specimens were assayed by using sandwich hybridization with an array of reagents. 
10 These samples included two urine specimens from children under 1 year. These children were 
suspected of suffering from congenital cytomegalo disease. A lung biopsy specimen from a 
patient with CMV pulmonary infection was also assayed by the present sandwich hybridization. 
Both cytomegalovirus-infected and uninfected human fetal cells were also used as specimens in 
the test. 

A solution which contained 1% sarcosyl and 5 mA EDTA and 200 /ig calf thymus DNA was 
added to a 10 ml urine specimen, whereafter the DNA released from the virus, together with the 
carrier, was precipitated using 10 ml isopropanol at room temperature. The DNA precipitate was 
dissolved in 200 ^1 of TE buffer and was brought to a single-stranded form by boiling it for 5 
min, whereafter the DNA solution was cooled to O'C and added to the hybridization solution. 

The lung biopsy specimen (a few mm^) was minced mechanically, with a knife, 200 /il of TE 
buffer-containing 1% SDS solution and 1 mg/ml of proteinase K-enzyme vvas added to it. A 
digestion was carried out at + 37 X for 1 h whereafter the specimen was drawn into an 
injection syringe twice through a thin hypodermical needle. The specimen thus homogenized 
was boiled, whereafter it was added to the test solution. 

The cells infected with cytomegalovirus and the uninfected cells were broken up by an SDS. 
proteinase K treatment, homogenized and boiled, as above. 

The reagents in the hybridization test were pKTH1273{a,) and pKTH1274(aj) on filters and 
mKTH1277(b,), mKTH 1 278(b2), mKTH1279(b3) as probes, each 200.000 cpm/reaction. In 
other respects the hybridization, the washirig of the filters and the counting of the results were 
30 carried out as described in Example 1b, 

The results of the present hybridization are shown in Table 6. 

• Table 6. 



10 



15 



20 



20 



25 



25 



30 



35 


Specimen 


Hybridized 
radioactivity 


Virus isolation 




Infected cells (10^) 


3521 


Not done 




Urine 1(10 ml) 


243 


CMV 


40 


Urine 2(10 ml) 


3215 


CMV 




Urine from a healthy 








person (1 0 ml) 


52 


Not done 




Lung biopsy specimen 


535 


CMV 




Control cells 10* 


68 


Not done 


45 


No specimen 


65 


Not done 



35 



40 



45 



The results in Table 6 show that it is possible, by using an array of nucleic acid reagents, to 
demonstrate CMV in different clinical specimens such as urine, lung biopsy specimens and cells, 
50 The test is specific to cytomegalovirus; it does not identify human DNA, i.e. the test is not 50 
interfered by the human DNA present in the sample. In fact the type of specimen does not 
interfere with the specifity of test in any way. 

CLAIMS 

55 1. Nucleic acid reagents, characterized in that they comprise arrays of alternating nucleic 55 
acid fragments. 

2. Nucleic acid reagents according to claim 1. characterized in that they comprise two or 
more series of at least two but preferably more arrays of alternating nucleic acid fragments 
sufficiently homologous to the nucleic acid which is to be identified but not homologous to one 

60 another gQ 

3. Nucleic acid reagents according to claims 1 and 2, characterized in that they comprise 
either separiate or joined arrays of alternating nucleic acid fragments. — 

4. Nucleic acid reagents according to claims'1 , 2 or 3 characterized in that they comprise 
arrays of nucleic acid fragments which either have or do not have vector-derived parts. 

65 5. Nucleic acid reagents according to claim 1 , 2, 3 or 4 characterized in that they comprise 65 
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■3 A O 



1? n 



J?; 
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labeled arrays of nucleic acid fragments 
a4s o7nt^fer;?cirf?a™ characterized in that .Hey co.pris. 

5 the recSfrlanTplaTm^^pJimz^ ^ ^-^If"-^ they comprise 

contair^s the DNA of Ch/amyd/a frachomS l J ^^^^^^ recombinant plasmid 

CO//K12 HB101. and thnSosiTnuX/oAi and ,s cloned into the host Escherichia 

pKTH 1 220 is DSM 2825 ^ containing the recombinant plasmid 

8. Nucleic acid reagents accordinc to claims i o t a c o l 
1 0 comprise the recombinant plasmid Dl<TH127Tnr H-r' :• ' u ® characterized in that they 
plasmid contains the DNA of Cwomeqalovf^^^^ AD 1 •^"'^ ""^'""^ recombinant 

coll K12 HB101. and the depS^^^Ser of ,hu h ^ '• ^^^^ ^°st Escherichia 

PKTH1271 is DSM £826 ^ ^""^^ containing the recombinant plasmid 

1 5 ide'ntifiIa^1on':flr2'5iSlt;rnld^^^^^^^ ^ 3. 4. 5.' 6. 7 or 8 for the 

r^ucleic acid reagents are assembled from a^Vs o^^^^^^^^^^^^^ combinations of 

gous to these different nucleic acids. "ucieic acid fragments sufficiently homolo- 

u ^"^^ °* the nucleic acid reagents according to claims ^ a k a i 

hybridization methods, characterized in that the arravs o^hvhrTwc ' J • ' !' 6. J or 8 in | 
20 methods are demonstrated by methods known per % ^ ^^Vbridization I 

saLwicXSrTdizItr St^o'd^:^^^^^^^^^^^^ ' \ ^: t'J or 8 in 

the sandwich hybrid methods ar'e dem^st^ated bj mVtS^d"^^^^^^ ^^'^^''^^ '.^^^^^ - 

25 6;7'or 8^^. Thta^^zVd'tnST^^^^^^^^ L 2. 3. 4. 5. 

recombinant-DNA techniques. synthSy'^rs^Xn^'eS^^^^ '''''''' ''^ 

nuJleic a''ci?1r^^°mem?«rp;i°ses: ' ^^--^--'^ that the preparation of the arrays of 
(a) the isolation of a selected nucleic acids of suitable length 
b) the cloning of the selected nucleic acid into suitable victors 
(c) the fragmentation of the nucleic aciri* i.cJor. , . . /. * 

!3 tt ^^^^^^l. s..... ...... 

belonging to different seriesIL diffe?e^rve^:t^rs ' ' "^^^^^^^^^^ fragments 

a t'^T^xat? t°o l^^ofi'^c\^r^^^^^^^^^ to. 9.o....serie3 

belonging to the other series separate or joined nucleic acid fragments 

suJslanttras^t'erb'e fo'iL^S:;:?^^^ - claimed in claim 1, carried out 

15. A nucleic acid reagent as claimed in claim 1 and substantially as hereinbefore described 

a uon. wu^A lAY. from which copies may be obtained. 
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